Abstract In patients with radiculopathy due to degenerative disease in the cervical spine, surgical outcome is still presenting with moderate results. The preoperative investigations consist of clinical investigation, careful history and most often magnetic resonance imaging (MRI) of the cervical spine. When MRI shows multilevel degeneration, different strategies are used for indicating which nerve root/ roots are affected. Some authors use selective diagnostic nerve root blocks (SNRB) for segregating pain mediating nerve roots from nonpain mediators in such patients. The aim of the present study is to assess the ability of transforaminal SNRB to correlate clinical symptoms with MRI findings in patients with cervical radiculopathy and a two-level MRI degeneration, on the same side as the radicular pain. Thirty consecutive patients with cervical radiculopathy and two levels MRI pathology on the same side as the radicular pain were studied with SNRBs at both levels. All patients underwent clinical investigation and neck and arm pain assessment with visual analogue scales (VAS) before and after the blocks. The results from the SNRBs were compared to the clinical findings from neurological investigation as well as the MRI pathology and treatment results. Correlation between SNRB results and the level with most severe degree of MRI degeneration were 60% and correlation between SNRB results and levels decided by neurological deficits/dermatome radicular pain distribution were 28%. Twenty-two of the 30 patients underwent treatment guided by the SNRB results and 18 reported good/excellent outcome results. We conclude that the degree of MRI pathology, neurological investigation and the pain distribution in the arm are not reliable parameters enough when deciding the affected nerve root/ roots in patients with cervical radiculopathy and a two-level degenerative disease in the cervical spine. SNRB might be a helpful tool together with clinical findings/history and MRI of the cervical spine when performing preoperative investigations in patients with two or more level of degeneration presenting with radicular pain that can be attributed to the degenerative findings.
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Introduction
Surgical treatment of patients with cervical radiculopathy attributed to degenerative disease is still associated with moderate outcome results, although the fact that introduction of MRI radically has improved our perception of the morphological anatomical pathology. In a recent multicenter study including 51 surgically treated patients, significant residual pain persisted at follow up in 26% of the patients [25] . Is this shortcoming due to incorrect diagnosis, surgery at wrong level/levels, development of irreversible nerve root damage or the development of chronically pain syndromes?
For better understanding of these problems, many authors have used diagnostic as well as therapeutic injections for investigation and treatment of painful degenerative spinal disease, especially in the lumbar spine [1, 6, 11, 12, 14, 26, 29] . The value of these injections is continuously under debate, and the main reason for this is that they are used for diagnosis and treatment of many different spinal disorders: low back pain, neck pain, lumbar/cervical facet syndromes, discogenic pain and radicular pain [10, 24] . Our own experience is that diagnostic selective nerve root blocks (SNRB) with local anaesthetics, might provide information about root origin of radicular pain, when the blocks are performed guided by magnetic resonance imaging (MRI) findings and clinical symptoms in the lumbar as well as in the cervical spine [11] . In patients with cervical radiculopathy and multilevel degeneration, it is often difficult to define the affected root/roots from clinical symptoms and MRI only. Not seldom, MRI shows significant degenerative pathology at more than one level, on the same (but often also on the opposite) side from the patients symptoms. Degenerative MRI changes occur in the cervical spine frequently also in persons without symptoms [4, 5, 17, 27] . MRI provides only morphological information and does not tell the clinical significance of the findings.
Clinical examination in some patients reveals sensory and/or motor deficits combined with the absence of tendon reflexes, indicating a certain nerve-root affection, while other patients present with radicular pain of a non-typical distribution [3] . Analyses of referred pain distribution from cervical nerve roots have shown only 50% correlation to the classical sensory dermatome [27] . The frequent occurrence of anastomoses between cervical nerve roots, both intra and extradurally and between the different components in the brachial plexus, may contribute to the clinical diagnostic problems [22] . Accordingly, the pain distribution in the neck-shoulderarm area is not a reliable parameter when determining its root-origin in patients with cervical radiculopathy. Furthermore, common painful disorders in the shoulder may present with symptoms difficult to separate from cervical radiculopathy [18] . As radicular pain is the dominant problem in patients with cervical radiculopathy and the major treatment goal is to minimize this pain, it is logical to use a method to distinguish pain mediating nerve roots from non-pain mediating roots.
In this study, we report our experience in a series of patients with cervical radiculopathy, combined with a strictly two-level morphological pathology evaluated by clinical findings, MRI and a SNRB technique.
Clinical material
The present prospective study includes 30 consecutive patients, 18 women and 12 men, presenting with cervicobrachialgia. All patients were referred to the Department of Neurosurgery for evaluation and, if necessary, surgical intervention. Mean age was 53 (range: 35-66) years, and mean symptom duration was 31 (range: 2-120) months (Table 1) . Inclusion criteria were cervico-brachialgia with corresponding significant degenerative MRI findings at two levels, on the same side as the symptoms. To be classified as significant, the degenerative changes Patients with diffuse non-radiating pain and patients with spinal cord compression and/or myelopathy were excluded. Three patients had had previous surgery for similar symptoms and were now readmitted because of new symptoms. All patients were informed and accepted to participate in the study.
Clinical presentation
All 30 patients experienced neck pain and radicular distribution of arm pain reaching below the elbow. Eleven patients had sensory disturbances. Four patients presented with motor deficit. Seven had both motor and sensory deficits. Eight of the 30 patients had no neurological deficits.
Eighteen of the patients also presented with shoulder pain and 14 with headache ( Table 2) .
MRI presentation
Twenty-two patients showed significant degenerative MRI pathology at the C5/C6 and C6/C7 levels, three at the C4/C5 and C5/C6 levels, two had C6/C7 and C7/C8, one C5/C6 and C7/Th1 and two C3/C4 and C5/C6 pathology.
Method
All patients in the study were clinically examined in the outpatient clinic by a neurosurgeon after MRI of the cervical spine.
The clinically suspected, affected nerve root/roots were defined by the neurological deficits (motor strength and/or sensory deficit and/or changes in tendon reflexes). In those patients who presented with neck pain and radicular pain distribution and without neurological deficits, the distribution of the radicular arm pain in relation to the sensory dermatomes defined the clinical level. SNRB were then performed, on the levels with MRI pathology on the same side as the patient's radicular pain.
MRI grading/evaluation
The MRI findings were graded by a neuroradiologist as slight, moderate or severe. This grading was based on comparison between levels with pathology and levels with normal anatomy in the same patient. Slight degeneration was defined as reduction of the area of the neuroforamen with at least 25%, moderate if reduction was at least 50% and severe if the area of the neuroforamen was reduced with at least 75%.
MRI evaluation was performed in several steps. The investigation was initially evaluated by an MRI trained radiologist at the referring hospital, secondly re-evaluated by a neuroradiologist at the University Hospital and demonstrated and discussed at the clinical conference together with the neurosurgeon. Then the patients were investigated at the outpatient clinic and the symptoms and clinical findings were correlated to the MRI findings and root block levels were decided. Immediately prior to the root blocks, the MRI studies were once again re-evaluated by the neuroradiologist performing the blocks. In patients with unexpected results from the blocks, a further evaluation of the MRI and the root block images were performed together with the clinical findings.
Block logistics
All patients underwent nerve root block at the two levels with pathology on MRI, starting at the inferior level. No analgesics were given within 12 h before the SNRB. At least 4 h had to elapse between the first and the second block in order to reduce the risk of persisting effect from the first injection. In all the patients, both blocks were performed on the same day.
The patients underwent clinical examination 30 min before the first SNRB and depicted at the same time their arm and neck pain on a visual analogue scale (VAS). If the described pain increased by provocative manoeuvres, flexion, extension or rotation, in the cervical spine, this was also noted on the VAS.
Thirty min after the first SNRB, the clinical examination and VAS recording was repeated, and 4 h later again, followed by the same injection procedure at the superior level.
The pre-and post-block examinations were performed by a neurosurgeon. The VAS assessments were performed by a neurosurgeon or by a specially trained physiotherapist and a neuroradiologist performed the nerve-root block. Root block technique
The blocks were performed in an X-ray suite with the patient sitting in a chair that can be turned horizontally. The technique used was basically similar to the lateral approach described by Kikuchi [12, 13] but performed with the use of c-arm fluoroscopy. A 0.7-mm needle with mandrin, 40 or 75 mm long, was used. No subcutaneous local anaesthetics were given. Perineural needle position in the vertebral foramen was confirmed in all patients with the use of contrast media. Then 1/2 ml of Mepivacaine (Carbocain R , Astra, So¨derta¨lje, Sweden) 10 mg/ml was injected.
Evaluation of root block
If the patient reported a subjective arm pain-reduction, with a corresponding VAS reduction of 50% or more, the root was classified as significant for mediating the radicular pain.
When evaluating headache and shoulder pain the same criteria for significant pain reduction were used.
Comparison of MRI findings to results from SNRB and neurological investigation
If the MRI presented with equal degeneration at both disc levels and the SNRB and/or the neurological investigation indicated one or both of the related two nerve roots to be affected, we decided a correlation to exist.
Treatment decisions
Significant subjective radicular pain and corresponding disability combined with significant MRI findings and positive SNRB at one or two levels were indications for treatment.
At our hospital, we use transforaminal steroid injections for the treatment of cervical radiculopathy as an alternative to surgery. We give a series of three steroid injections within a period of 6-8 weeks. We use 1 ml Depomedrol R (40 mg/ml) combined with 0.5 ml Carbocain R , 10 mg/ml, in every single injection. If no longstanding effect from steroid injections develops, the next step will be surgical decompression and fusion. In the present study some patients preferred surgery as initial treatment and did not undergo steroid injections. Two patients had a good effect from the first steroid injection and did not want any further injections. All of the surgically treated patients underwent anterior microsurgical discectomy, posterior bony spurs were removed and if necessary the posterior ligament was opened. Fusions were performed by cage technique in single level and autologous bone graft with plating in two adjacent levels disease. Conservative treatment i.e.; physiotherapy and/ or ergonomic adjustments were performed in those patients who were not suitable/motivated for surgery or were considered as poor surgical candidates.
Follow up
All the 30 patients were followed at the outpatient clinic combined with a telephone follow up. Outcome results are according to Odom's criteria [20] .
Statistical analysis
Statistical analysis was performed on the outcome results from the three different treatment options using a computer software package (SPSS, release 11.0.0; SPSS, Chicago, IL).
Results

Results from SNRB
The block procedure was successful at one level in 18 patients. Eleven patients reported a significant block effect from both levels (see Method). One of the 30 patients experienced no pain reduction at all (Fig. 1) . Furthermore, 11 of the 14 patients with associated headache experienced significant headache reduction. Fifteen of the 18 patients with associated shoulder pain experienced significant shoulder pain reduction.
In the total series, the SNRB correlated to the most severely degenerated level according to the MRI findings in 17 of the 30 patients (see Methods section), to the level decided by the neurological deficits in eight patients and to radicular pain distribution according to the classical dermatomes in seven (Table 3 ).
Patients with one-level positive SNRB
Of the 18 patients with positive SNRB at one level, 12 correlated to the most severely degenerated level as seen on the MRI. In six patients, SNRB correlated to a level with less MRI pathology. One patient (no. 30) presented with MRI pathology related to the C6 and C7 nerve roots but did not respond to the SNRB at these levels ( Fig. 1) (Table 3 ). The clinical findings and the pain distribution strongly pointed out the C8 nerve root but at this level the MRI was without pathology. Because of the clinical symptoms, an SNRB at the C8 root was performed, which turned out to be successful. Treatment with transforaminal steroid injections guided by the SNRB made the patient free from symptoms.
Patients with two-levels positive SNRB
Of the 11 patients with positive SNRB at two levels, 6 correlated to the MRI findings, i.e. the morphological pathology was equal at both levels. Six of these 11 patients also reported significant selective pain reduction in two different dermatomes from the two blocks, i.e. SNRB at the first level reduced pain in one area of the arm, while SNRB at the other level reduced pain in another area of the arm.
Correlation between neurological investigation, MRI and SNRB
In 15 of the 30 patients, the level decided by the neurological deficits correlated to the MRI findings. In these 15 patients only 6 correlated further to the SNRB (see Methods section) ( Table 3) .
Treatment results
Twenty-two of the 30 patients underwent treatment with surgery or transforaminal steroid injections, 13 at one and 9 at two levels. Eighteen of these 22 patients presented with good/excellent outcome results (82%). Of the 13 patients treated at one level, 9 had good/excellent results (69%) and out of the 9 treated at two levels, all 9 (100%) had good/excellent results. The 11 surgically treated patients presented with good/excellent outcome in 9 (82%) and the 13 patients treated with transforaminal steroid injections presented with good/excellent outcome in 9 (69%). Two of the patients initially treated with steroid injections had a latter surgical decompression and fusion due to returning symptoms ( Table 4) . The remaining eight patients were treated conservatively with work adjustments and physiotherapy. Four of these reported satisfactory/good/excellent results while in the other four treatments had no effect. Two of the conservatively treated patients with good/excellent results reported longstanding radicular pain reduction from the diagnostic block. All patients were followed up with a mean follow up time of 31 months (6-60) ( Table 4) .
Statistical analysis
Comparison of the three different treatment methods revealed on Kruskal-Wallis test a significant difference in outcome results between the treatments (P=0.043). Further comparison in Mann-Whitney test showed a significantly better outcome result in patients treated with surgery (P=0.018) and steroid injections (P=0.044) in comparison to conservative treatment. Comparison of surgical treatment and treatment with steroid injections revealed no significant difference in outcome results (P=0.81).
Complications
One patient fainted during the SNRB but was able to participate in both injection procedures. One patient reported vertigo lasting a few minutes after the injection.
Discussion
We found the transforaminal nerve block technique easy to perform in the cervical spine and we have had no serious complication since we started 7 years ago. However, the risks for damaging the nerve root, perforating the vertebral artery and intradural injection, when performing the root block, have to be borne in mind [7, 9, 23] .
Our strategy to reduce the rate of false SNRB results and sharpen the instrument for more reliable pain estimation is based first on the introduction of provocation of the cervical spine, as described in the Method section, and thereby stressing the mechanical component [19] . Second, by adding a verbal subjective pain report from the patients, complementary to the VAS, when evaluating the SNRB. Third, by conforming correct needle position with the help of a small amount of contrast medium injected prior to the injection of the active drug.
Possible structures affected by the SNRB
The injected substance is administrated to an area where both dorsal and ventral ramus of the nerve root as well as the ganglion might be affected. The dorsal rami are supplying the deep neck muscles as well as the facet joints with pain fibres [6] . Also the local anaesthetics might reach the vertebral artery. Adjacent nerve roots as well as extra spinal muscle fibres might be affected, especially if the needle has a position outside the foramen.
Root block evaluation
If the SNRB only gave positive response at one nerve root, only this nerve root was considered affected and significant for the patient's symptoms. Eighteen patients presented with significant SNRB response at one level and six of these were significant at the least affected level according to MRI and in one patient at a level without MRI pathology at all. Five of these six patients were treated guided by the SNRB and four had good/excellent outcome results. Figure 1 shows that 11 of the patients had a successful SNRB at two nerve roots. Out of these, five patients reported positive effect from the SNRB at both nerve roots with identical distribution of pain reduction from the two root blocks. One explanation to these findings might be intradural nerve root connections that, according to Perneczky [22] , are occurring in a high frequency between nerve roots in the cervical spine. If the two successful blocks reduced pain in two different parts of the arm, we consider both nerve roots significant for the patients symptoms.
Correlation between SNRB, MRI pathology and clinical presentation
The correlation between the diagnostic SNRB and the most severely degenerated level on MRI was only 60%. The low correlation between SNRB and the radicular pain distribution in the arm in correlation to the classical dermatomes (24%) further confirms the results presented by Slipman et al. [28] who stimulated individual cervical nerve roots mechanically and only found a 50% correlation to the classical dermatomes. Also, neurological deficits in terms of nerve root/roots does not correlate well to the most severely degenerated MRI levels/SNRB results.
Reasons for misjudgement of clinical symptoms
Atypical presentation is probably possible from all nerve roots in the cervical spine. Recently, in a large series of patients, 15% of atypical presentation from C7 radiculopathy was described [8] . Anastomosis between nerve structures at different levels in the nerve tree, intra as well as extradurally frequently occur according to human cadaver studies [21, 22] . Such studies have also shown 30% anatomical incorporation of C4 into the brachial plexus. The C4 nerve root is not commonly supposed to contribute to the brachial plexus according to neurophysiological literature/charts [15] . Taken together, this might contribute to unexpected clinical presentation from different nerve roots. In our study, one patient presented with radicular arm-pain from the C4 nerve root according to the SNRB.
Persisting radicular pain reduction from SNRB Two of the 30 patients reported longstanding pain reduction from the diagnostic SNRB with local anaesthetics. Both patients preferred conservative treatment. One reason for the prolonged pain reduction might be anti-inflammatory effects from the drug [30] , another explanation might be a central mode of action as described in studies with similar drugs [2, 16] .
Treatment results
Up to 50-70% of the patients treated with transforaminal steroid injections might experience longstanding pain relief and in selected patients transforaminal steroid injections might be an alternative to surgical treatment [29] . In the total series the SNRB results from 11 of the patients did not correlate strictly to either MRI findings or to the neurological deficits/pain distribution (Fig. 2) . Eight of these patients were treated directed by the SNRB results and six presented with good/excellent results. In two of these patients (no. 23, 30) , the SNRB definitively gave unexpected findings and guided the treatment in a new direction. Among the 13 patients treated at one level, 3 had poor outcome results, 2 treated with steroid injections and 1 treated with surgery. None of the two steroid-treated patients (no. 7 and 13) were interested in further treatment (new injections/surgery). The surgically treated patient (no. 20), had had earlier surgery at an adjacent level and developed a chronically pain syndrome. Also, in this patient, neurological deficit, MRI and SNRB all indicated the same nerve root responsible for the patient's symptoms. All the patients treated at two levels had good/excellent outcome results.
Statistical analysis of outcome results from the three different treatment options indicated a less favourable outcome in patients treated conservatively. This is of no surprise, as some of the patients selected to conservative treatment were considered poor candidates for surgical treatment.
Indications for SNRB
In patients with single or multilevel disease and poor correlation between MRI findings and the clinical symptoms or in patients with symptoms of root compression only under provocation, it might be valuable to perform Fig. 2 The distribution of the SNRB results from all the 30 patients related to the results from the MRI and the neurological deficits/ pain distribution (ND) diagnostic blocks prior to treatment decision-making. Also, the attempts to separate cervical radiculopathy from degenerative/inflammatory conditions in the shoulder can sometimes be very difficult and in such patients, SNRB might be a helpful differential diagnostic tool.
Conclusion
Clinical symptoms and signs isolated or combined with MRI findings are not always reliable parameters when selecting pain mediating nerve roots in the multilevel degenerated cervical spine in patients with radiculopathy. According to our results, SNRB seems to be useful for selecting pain mediating nerve roots, when used in the symptomatic two-level degenerated cervical spine in patients with radicular pain.
